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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technique which can 
improve a processing accuracy in steps of manufacturing a 
DRAM having various elements. 

SOLUTION: Polycrystalline silicon films 33, 31 and 30 forming 
part of a storage electrode SN of a capacitive element for 
information storage as a memory cell of a DRAM are disposed 
in logic parts. Thereby, a limitation of a level difference 
between the memory cell array and logic part of the DRAM 
can be softened, and the level difference after formation of 
the capacitive element of the memory cell for information 
storage can be set to be within a focus depth range allowable 
by a lithographic technique. 
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-5 D R A MSJ/^ 6 D 5^ r^' a5*«-r 6 

^«$lm^-^5^^T. s(rS5DRAMiFi5<Dp«*]j-t/K7:>fs«s 

5 D R A Ma5/.^ b ^'yy^-^^^-r^ ^mw^mm 

^^gfi^w*3^/^■t. WEDRAMSiJiOpt^yir/ucolfaS 

fIfS D R A (7) ^ ^ y CO If #R^S ffi ^ o y 

Sgi^g{C^ol^T. . ttJEDR AM^)(7:);>^ ^ y ir/KDtt$&^ 

mIf5DRAM^i<^)MI)22[elS§^fc(iMI5D v^y^®<?:) 

6 D R A M$|5/^ briKui/y^^^:^^^ ^^**S[h] 
SSgfitC^SVNT. Wf5DRAMSl5<07'^y ir/KO{ff$R» 

MEDRAM9i(7)7'^yir;U(7)h:':y h^^^lf^l-^ms 
(7)^mfli^> BflEDRAMglS<^i^j)22(H]8§^fc(lBfllEPi^ 

Ilf^3g6 1 >^y ir/uT i^>i'^3J:i;j§i2[E]S&/6^6/j: 
^ D R AM|fI5/j: h mz xi^yy^ ai^^-fS ¥^»««[e] 
^3ggg{ci3i>T. WfEDRAMiai<??pf^y ir/uoft^Rg 

<J:U^tiIf2DRAM^i(7:)7<^yir/K75t':y hiS^li^-r^ 
^30««fli^. WI5DRAMlfU<^^5Z2(H]SS^fclit?rfE 

c ^ ^#mir -ra^^ft^fgiHiss^go 
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7 1 7^ ^ y ir/uT J:i;ji)iZ3[H]SS;!)>6 

-5 D R A MlfR/^ b t/t;: >^ :/ ^ ^-r 6 ¥#(*:*S[5] 

D R AM^(7);^ ^ y /K7)ft$gS©ffi^l:^^07' l^- 
hl;fiiiSr1^l*-r^»2(7)^mfli. i3j:t/iill2DRAM^fi5 
(O^^-y't/KOt'^z hil|$:«^-t6m3(7:)«lia^S:> M 

IEDRAM^.Oi^i2[H]S§t/cl^tfll5p :y ^ < 

8 ] ^ ^ y ir;PT ^ J: tJ?^>22lH]|2S^^^ /rf^ 

5DRAMai/^bt)^lwPi^:y>5^a5^^-r5 ^«#:^^[hI 
5I^M^C^ol/^T\ ItJEDRAM^co^^y ir;U(7)it$S^ 

<?32g^BiioJ:t>*mrEDRAMg|5t^7'^y ir/KTDt'^y hlS 
[H^R^i 9 ] If 3*^^ 5-8 (D\^^-fM- 1 ^dlESo^ 
5<? [ 0 0 0 1 ] 

DRAM (Dynarai 
c Random Access Memory) t o i<y ^ (Logic : SbSIh] 

[0 0 0 2] 

40 tCfi. ilSlgg®<b UXffil^e>;h.Xl^'5DRAM(0x- 
^^itiSff^mS^O 1 3 5M^M h/8'^^^P>^tll 0 0 0 
f^Ol 0 OG/M h/^>I^±<!ri-6je:>^7!i^fc!3x DRA 

[0 0 0 3] ^rX% y-A^0l4tgf6]±^Il|5-O(0 
^^^i:LX. -O(0i|5^«»^y7°l^{CDR AMi: D C^:y 

[0 0 0 4 ] /^^o. DRAM i: D ^^^/if^^S-r 6^1^^ 
50 ^Wm^^m. {^XT. Pv^yi5^^i^DRAMi:^^-r) 
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^tMt^n ^ ^} ^ PSO-PS 

[0 0 0 5] 

[0 0 0 6] :^^aDRAMIt. /^^J^Ji^OWiBit^Z. 

(Qs) (Dm<}^^m^tci^\:i. 1t#^Sffl^m^^^> 
^y^/Uii^fflMI SFET (Metal Insulator Semico 
nductor Field Effect Transistor) 0±:& Eg "f 5 >^ 

[0 0 0 7] tUm^^ ^ m^^(D / ^ V ^ 

-Y^<i^'^ ' ♦ t'^y h 7^ V (Capacitor Over B 

itline;COB) / ^ D JUit. WmW^mt. t' 

-/^K$ne<?5TS5^^fi•f^«li^ (S/N) it*#5C 
[0 0.0 8] BtliECOBlfatcO^^iJiryU*^ UTfl. M 

mmm(D±s\zmmttzmsmmm {^m^i^v.:=>m 
mm<D^ii^mm^B}^L. z(Dm6mmm(o±m\zm 

S ^ ff^ fife -f 5 ^ ;& 5 # X. tb ;Jx -5 o 

[0 0 0 9] t::^X\ d i^-y ^;^^dr AM(C*Sft6 

Lfc>^y r t^<Dmm\:imm^iv^^m^^tx^ 
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m{^mwi(o^m±{z-^t^^ i ^nflix-M i s f e T(Dy 

[0 0 10] 'tfj:f:>h. MECOB^iiiO^^y ir/ux 

^^>t^^xm<^J:bo 
JO [0 0 11] ZOfzlsb. m^^mi^mS. Mfe^2gBi» 

fi; 2 5 6 k b i t DRAMX-ti±0. 2 5 mJ^ilT^^B 
20 [0 0 12] ^^\Z^ u'yy^X[ts y^^^J^mmm.^ 

\zio\^'^x\'X'rx\zAmm'^<o^mmm^^m^nx\*^ 

.5o -^fz. mkmm-'-^<tlix\tt^^\^^Vyyi>:^^ 

u%i^^\.fzmw^m<o^m\t^m--<D^i^\t,^'r-t 

[0 0 13] U;&^t. rc7)J: 9?:^nv>y:J7{-:j3tt6iaiS 

•9. nv?:yiJ^^«DRAMXIigaiSxmT^^XS^ii::'c 

[0 0 14] iff^g^^ffl^S^T-^p' 
- ^y ir/Uii$RfflM I S FET<?5±;^Hia@-r6;^^ 
If 5i O > y ^ /L- ^ S'i" -5 o v> y D R A M <7) Kit 

[0 0 15] i^%m<D^<D^mt. Mitxm»:^^^^>$ 
^SCirlCj:!?. MI2ov^s/i!^^i«cDRAM<^;^>'U-7' 

[0 0 16] ^^p^(7:)tiiE^.fbt;^(;i^ioftfe(D@6*3<^fr^ 

[0 0 17] 

[^m^m^'rhfzt>^^Wi] >^m\z.^^^xm7r^^n^ 
(1) :^^m(D^mt$^mm\3]^'^w:it. /^ij^/i^r^ 

^ Xrjmm^E^fj^hfj: i>DR AMU fj:hW:i^ 'y y ^ 
^^^LX^^ . mllEDRAM^OT^^y ir/UOiflB^ 

50 mm^mm^(Dwmw.m^m&'r^mi<omm,f^^s 
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ISD R AM$U(D/iji2[Hl5&^ V? :y ^ i^O/>/jj < 

[0 0 18] (2) t^c. ^%m(o^mi^mm\s\m^w. 
x^\^^bh<DXh^o 

[0019] (3) tfz. :^^m<D^mwMm\s\^mm 

^^^hWcni^y^^^^^^LXio^. mrEDRAMa^.(D 
m 1 (DmmM^ <t U'^JIBD R AM^cO^ ^ y -t yucT^it ^ 
mIIGDRAM^)CO.)^5Z2[iSgtfc{iBlJfSp v^y ^IfT^iO 

So 

[0 0 2 01 (4) tfc. 2^|g0>^Oif^»«^^||lp]KgS 

fi. /^Uir/ur U'^:JoJ:t>'iiiZ2[Hl^;??^b^.^5DRAM 
^/.^bt>*tcpi^y t^'^.^^-LT:fo^??. tuiBDRAM^.(7) 

fliii^/,^-rssm«iB^i»^-r5«i(D«mi!ii:7^u- h 
MfEm2c?:)smfli^. M^'DKAu^<ommm^'^t^\t 

[0 0 2 1 ] mJEU7t^l^^cJ:i^^^. DR AMajcOT^/e 

flJ:oT. tf^SSffi§l^^^?F^*.t;^c^C0DRAM 

R AMa5<?);^ ^.y -tyl-T U>r D R AMaJOj^iBlalSS 

7 :7 ^ (7) e> rp^ ^ ti ^ 15 H -r a r i: 

/ii^^|gi:?:f6o $6(w. mliEDRAMSl5(Di^iaie]Sg^/c: 

^DR AM^(7D> ^ y ir/uoff 
[0 0 2 2] 

\^m-5\,^xnm^^^m-t^. 
[0 0 2 3] mmmm^^^n't^tz^<D±m\z 
^^''xm~mm^^-t^h(o\tm-(on^^¥tL. ^<o 

[0 0 2 4] niyy^^1SiDRAM\Zion^oi/ 
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y^nlSdCMOS (CompleraentaryMetal Oxide Semicon 
ductor)t?|it<i: L. i^i/y^UtDRAM^iOmm^al^ 

<D^mt^mwt\^\mzmmm^i^^'^Lx\f^i><ox\ 2^ 

[0 0 2 5] (^JSc^ff^fil 1 ) • lill (D&m^t. :^^m<D 
-m-m(Dl^mXhi>^iyy^t^«LVRAM\Zi6ii^DR 

1 cOifetJil. Ir]1:< Dv^yiJ^aJiOpf'-y^/uS/MI SF 

[0 0 2 6] DRAMa5<?);^^y ir;UTfi. ^t^^^ftSffi 

i(7)i®±{c:%Stfcm.i^mm (^y^;^7^V'>yi?- 

(WS i 2)ii7ioJ:t>'^igfB>'y =iy^6) T-p<^ 
y-t/Uii^fflMI SFETQ tc^y- hmffii 0-^ti^ 
- t. C(75mi«l:Bi^o±i(i*i®tfcSg2^i;fli 

^p^L. c(7:)m2#mflio±^(cii^tfcm3^mfli 

(WS i 2 fli2 5:3yJ:C>-#^jfeSv'y =i>'Bi2 4, 21) 
w(^m4«®KO±l(C*|ffitfcm5«SfS 

y =i>'fli3 7) -x*itas®^^ii^^(^7'^-hi:*iP 

m (^MII4 1) TSliSiilMMl ^li^U. C(Om 

6am^o±stc±isL3tm7»m^ (^ji^4 3) -e 

^ 2 is 1 M M 2 ^ If t T I ^ 6 o 
[0 0 2 7 ] -^r, oi;:y^^;T-(l. ^#f*:StelC0^ 

mnmmLfz^immm (ws i2 fli7:fcij:t/#^gre 

v-y =i>-^6) -Cp^-r^vU^MI SFETQsOy- 

hm^^l 0*5j:t/n^-r^/^llM I S F ETt^y- Kl; 

(WS i 2 •Bi2 5*D<tt/#ieS'>y 3>'^2 4, 21) 

T-miSH^i (1^^-f) ^«^L. z(Dm3mmm(D 
®fiiSNiD-ias4rm^"r5m4' mmm i^m&i^v^ 

:/fli 3 3 . 3 1 . . 3 0 ) 2 gSi^l L M 2 

40 4 1 ) X'm3ifij®lLM3^1i^t. rcD^e^mfiltT^ 
±®(-iiSt/cS7Sm^ (&JS^4 3) T-S4iBjS® 

LM4 

[0 0 2 8] BfrlSia 1 (-^LfcDRAM^iO^^ 

y-fe/UioJ:r/o v^';/i5'$15COpf"i'^/l-SlMI SFETQ 
s CQKig^-^^ia 2 -la 1 2 $rffiV>TKB>^-r $0 
[0 0 2 9 ] t-r. m2\Z7jkirX^\z^ p - M'yV 

50 [0 0 3 0] »:*w. 0 3(^^1-^: ^«*SSi± 
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{z])y (p) ^'^«A$n/c#S5^fBi/y ^>mQ. i 

it'y])^yW:9. mit'y'J =^yms. ws i 2 ^7*3J; 

r/^Hgfa V/ y n y Si 6 lb 5 ffilBI ^ :y ^ > ^ 

•re:: <i:(-c): ws io mi ^xxy^^'r^^B'y)) ^ym 

Qf)^h^J:bDRAMU<D/'e])±ji^m^MM I S FET 

Q toy- hmfiii 0 mimmm) *3j:t;pc>s/^su 

(^^p^i-^/USiM r SFETQ s ^n^^^/^^MI S 

1 0 0 3 1 1 scic. it^^if 1 {z^tmimm^m-tz 
t\zx<:>x. hmmi o^if^-rews 12 m?^ 
xrf^^^^Bi^v ym.e (Dmm^m^^miti^ ]) ^ ym i 

[ 0 0 3 2 ] 7^ h u v^:^ h/<^ f5t>'i::^^bi/y 
y|i9. i^jbv^y ^'V'flis. ws 12 m.7 ^xu^i^^b 
i^V ^ymef)'h^j:^^MMm^'^^^^^\^x. 

(BF2)^^^>^^At. p^^^^/l-MMI SFETQ 
s (7Dp§i^S^^« Kl^-Y^^ffi^) 12 

I S F E T Q s (T:) p 1 2 ^ [p)1f (C, p 

y :^ p M :^/^(- 1) n l^'l P 

yi^AL. n^-r^/V-MM I S FET(OnM^«»««lc 

[0 0 3 4 1 ^0^. ^3g#:£tgl±(lJt||$;n.fcg^b 
v^y ^yflS^R I E (Reactive lonEtching) ^U^<0 

^1j^:^yi^yi:r^x1^nxi-^tt\zx^x. WiS^lBI 

v?S/^aS(7)n§!!>:i^;l'3lC|frl5p®^i^i^J: 19 

(Dpm^n^^. m^ifBF2 :^y^Ai-^z t\zx 

p f^i-^^yUMM I S F E TQ s (7)y-;^^^. 
-fV|i«^LDD (Lightly Doped Drain)1t]t i: LX t 

[0 0 3 5 ] ^/i. MISp ^i'-t^/i- 

i^M I S F E T Q s <!: I^ljil-. n>?iJ^^(Dp^!>:i^/KC 

(As) ^^iry'&A-r^Zt\zX^ . n^^^wuSlM 
I S F ET(Dy-;^ffi®. Kl^-f :/Ei*ic^LDDltii^ 

[0 0 3 6 ] ^11. ia4lC:T^-r«t 

{cSt{b'>y =1 1 4jQj:t>*BPSG (Boron Phosphor 
ous Silicate Glass) Ml 5 ^ C V D ifeU J: o TilS t 
9 0 0-- 9 5 0*Coy 7 o-^^lc J; 19 WIEB P 

sGflii 5(D^®^5pia^bt. «^i^T% ^^f^^isi± 
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[0037] ^CO^. 7;^hUv^;^h^-7;?.;J'|CtX# 
ir^fp'>y =1^811 6. BP.SGMlS. K^bv-y^^-^ 

ir{::<i; I9> ^ y ir/Uil^^^M I S F E T 

±(::^1<D='>'^^ hAt^-;H B^m^-t^o *^^X% 
r^;*; h Wv?y^>^-7;^i5'(;itr^^y ir/vtcnS^^ 
W;t(fP^^^^aAt> y ^y ir/Uil^fflM I S 

FETQ t(D-:}5(Dmionm^mwm^i 7^m^-r 

[ 0 0 3 8] m^. msic^-Tj: ^)(-^ ^#^st5i± 
\zpf)mA^ntc^'^^si^v=^ymi 9^cvd^kj: 
ox^t^L'/'c^v z<D^'i(^iB'y]} ^ymi 9^xxJ^^^^t 

^^^%\<r)^y^ ^ h7j^-/n 8f^{r^^^0vy 3 
>flii 9 7!)^e)?:^'5:/7i5^PG (^2^iifli) ^nm.-t 

[0 0 3 9] ^^izis:^:^l±IC^^l:v^y =3>'Bi2 

i't? Q^XX3Vf}mX^Mz^'i^^B'y'):=^ym2 1^0 VD 

tcux#Ji^fBi/y ='v^2 1. K>fb'>y ='>'^2 0. b' 
p sGiii 5. ^<bi/y =^>'flii 4^=j:t>'y- hiife^^ii 

> ^-y ir/WiiS^fflM I SFETQ l(D{'^l5(Dm^l^fS^^ 

[0 0 4 0] mmm2<0:=iyi^i^ h7J^-/^2 3^ 

5d? :3i/U3±> nf^-Y^^^MMI S FET(Dn^**#:S« 
tXt)J:V\ 

[0 0 4 1 ] »:i/^X% Ii!6t;i^f <J: ^ t-. ^t^^ft^Sffi l 

±\Z?f)>mK^tlfz$r'^^ni^V ^ym 2 4 ioXV^WS \ 
2 112 5^CVD&{wJ:oXll(irjfe^SL/c^. :7;^ h 

v/;^ h^-^^ij'j- txws 12 m2 5. ^T^Si^y ^'^^ 

M2 4i3cJ:t/*ifeS'>y =^:/li2 i^MS»::i^5/^>'i5^-r 

4. ^T^^ai/y ='>fll2 l75^e>/.?6>^y*ir/U(Dt':y h 

[0 0 4 2] tfc. ^jg^v-y =»^^M2 4lw^A$^xfc 
P(D^f((Cj:oX7<^yir/i-ii^fflM I SFETQ t (7) 
f&:^(7:)^2 <Dn §l^##:^«2 2(iff^^$.^. \f y 
BLfi^2(^='y:^'iJ^ h'1^-/^2 3^3ii;x. 
yir/l-il^fflM I SFETQ t 2 (7) n S^i^**!!^ 
2 2tCg^$n6c 

[0 0 4 3] fSii^. Z(r)M. m\Z\,t7r^^tl\^^f)K ws i 
2 Si2 5. #ii^Sv-y 3>^2 4ioJ:U^#^fB'>y 

m2 \f)^hf::h^'yy^'^><^W>i^^^ (^3^m^) 

5i? ^ffML. Cc?D^lgaiSS^Pv^'7i5'ai^^n§ie?:3:/i. 
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[0 0 4 41 m 7 (c^-r .t 5 ic. it^^^wsffi i ± 

SGBi2 8 ^CVDjfedctoTI^I^^^iiSt/c^. 900 
--9 5 Ot:cDy :7P-^S(C<t !9SfrlEB P SGBi2 8iO 

[0 0 4 5 ] ^{C. E18{C^1-J: ^{C. 

#iit^->y ^yflis o<oiRy^ici)->i' Ki7;r->'i-;^-<-f- 

-fe/KDS^^bv^y =^VII2 9. BP SGBi2 8. mit 

i^])=^ym2 7. ■mtiyv:=^ym2 6^xv^miti^v ^ 
ym2Q^m9^=^y^y^'r6zt\zx^. mio=iy 

^i; t>7h-;H 8{cI5:(tibix^::7'7:7'PG±{c^3(D=3 

ICP;^s^A^;[xfc#j|5£fBV'y =3yfli3 3:JoJ:t>*B P SG 
M 3 4 0 V D J: T WM»;:^SJt- 6 0 

[0 0 4 6 ] BtfSm3(75=i>' 
:3i;U3±. n^-r-tw^MM I S F ETOnM^^^fflilSc 

7t:-;V^ff^^L. ^int^BV-y =3yfii3 3^nil^7:r/w 
3. n^-t^>/^§iMI SFET(7)nS^^#»:«l®, 
hlili l Otfc(imiiHiSll:iS«ELX*.J:i/\ 
[0 0 4 7]2fetl> :7;*- h t^v^;:^ h^^;^^ (CtTpt ^ 
y-tr/KDBPSGBl3 4ioJ:r/#j^^BV'y =i>Bi3 3, 
3 O^I5Mi5fc:ii:y^>'i/L^c^> El 9 (Cl^f <t ^ IC. 
^*:Sffil±tcP;i5«A$^^fc#jgfB'>y =»>-fli3 5^C 

3 5^R I Ei£j^.^t'(7)S;^f^:^:y^V^X-;(JDXl-6 - <^ 
iCj;oT. BPSGfli3 4i5J:t;^^H%>^y ^V^Z 
3, 3 0(Dffl!Jili;:#S*fBV-y =»:/^3 5>^^i-o 

[0 0 4 8] iiti/^T. ^!i;t{f> y ymm^^m^^tz.t; ^ 

y V:x,y^V^^\^^^X. BPSGBi34. mt'y') ^ 
Vfli2 9:^oJ;t>'BPSGBl2 S^I^^LT. ;^^y-fe/U 
fC#jgfB->y 3>'^3 5. 3 3, 3 1, 3 0;5^e>/,f6R 

T% y VVi>7.V^-^7.^\L\^Xui>y^%<D^'i^iB 
->y =»yfll3 3^:3iyf^>'i5^1-5ri:(l<t t), ^ig^v- 
y=»>^^33, 31. ^^t-^hflh'^i>yi^%<r>%2^ 



(6) it^B8¥9-2 9 8 2 8 3 

10 

[0 0 4 9] m 1 0 J: 9 ^^ft^Sffi 1 

\':.mvy')^ym^%^\.x^ mt'y')^ym^^x^^ 

^«^S'>y =»:/li3 TSrCVDfetCioTitaL. 9:1^ 
T\ 7;*- h l^C^;^ h^-7;^^(CLTw(7:)^.jgfB'>y 
il3 7 ^:3i:y^yi/-t5r 19. T^^yir/K^^u 

7(? -hm^pL (^5^mM) ^mi^-tho 

[0 0 5 01 ISfetC. lai 1 lC^-t-J:5.l-. .^»ft:StRl 

±(;:^{bv/y yflis 8i6<J:t>'B p s Gflis 9 vd 
jioxm^it^t^c®. 9 0 0-9 5 ot:(7Dy :7P 

-^MiCct miEB P SGfli3 9 ^^S^fb-f -So 

^^^cv^x^ h uv?;^ hi^-^;^i^'(cLX7«^y-fe/K^B 
psGSis 9^^'am\t'y') ^ymz s^md^^^y^y 

i/l-'SCirlcj: 19. ;^ ^ y ir/i-OT' hl;<iP L±lc 

5^iJ'Si5<OBPSGfli3 9. Kibv^y V^3 8*5J:t;K 
mf*:ll3 6 5 - J: ^2iBi® 

lLM2±|;:S4(?D3>^iJ7 h^-/U4 O^ff^fiSc-r^c. 

B P SG^3 9<7)^M^^¥S^b[-(lv CMP (Ch 
eraicai Mechanical Polishing ; \t^^WMM^) 

[0 0 5 1 ] m 1 2 [ZTr^-r^ 0 ^^#:StS 1 

±(l. ^;tf^f^i?' y (T i ) fli. g^bf^iJ' y (T i N) 

r/u^^'>i^ (Ai) (Ti) 

^m^4 l^y^V y'yTs V^'^Ts^XzX^X^y'fy^ 
30 7«^yir/n^^lEj»lMMl (^6 

^mii) ^^i:r;^ni;:y^a5(OB3SBjSlLM3 (S^e* 

MM) ^m^-fb. 

[0 0 5 2] /c?i3, EltCJi^$:/^l^;iiK ^^y-t/UCOM 
EMllEiSBMMl (tp*^y-fe/l^(75t'i/ h^B LlCt^il^ 
UX^J:<. ^fc. D v^-y ^^(Dmrlsm3gB?S/iLM3 
\-tui/y ^%(Dv^'>^^^^ nM^>^/^3. pf'i'^/^ 
^MI SFETQsCOpSi)^-«ft:®Wl 2. n^-T-^/V 

mu I s F ET(7)nM4^^#^^sic> y- hm«^ 1 0 t^c 
[ 0 0 5 3] mimii<7)mriE^j^ii4 1 (^^Tmz.^m. 

•r5Ti^<!:. :l(DT imt^fkirb^'i^&'y])^ym 

^fz\t^mw-mmi^m^'rhiy')^yWi^^Bt^R^^ 

^^X. ^mn^^Z'^^yy')'^^ Y iT \ S \^ ;x 
= 1-2) ^^ff^^L. :^ilBi4 l(7)gftiigj7L^TtfX 
C<?5i^^. ^?!l;t*fT ifli^3 0 nmJ3<J:t;T i 

m% bo'x:(DWL^x-f^!^i^f^rr') zt\zx.<^x. Tis 

4 0 0-^4 5 0X:oAD^>^r^T^/^^'.^;65 6f^4 C0 3>'^ii' 
5^? Vts-J\^A OF^lcaii>iiA/Xt><tl\ 
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[0.0 5 4] ^^<*:S1S1 ±(CTEOS (Tetra 

Ethyl Ortho Silicate; Si (OC- Hs)4)^:^-y^ t 

Us ii^^^T. it5-«*SS[l-b(CSOG (Spin On Glass) 

[0 0 5 5] if^^S#Sffil±lw. mPL^t. Ti 

m. T i Nfll. A l"flI:}oJ:t>*T i fil^jfll^itSL^cSl 

10 0 5 6] a^^lc. ii^^»Sffil0^ffi4r>'^':yv'-<- 
yBi4 4T-S^S-r5^ <!: (CJ: t). HI 1 d?!^ t/c;*:^ 
JF^ ^ 1 O o y ^ ^ ft D R A M O D R A M ^ CO > ^ 
y-feyU*5<tt>'Pi^:yiJ?ffl5(;Opf''y^./US!M I SFETQ 

li^f S#Ji^fB'>y =»>'fll3 3, 3 1, 3 0^nv?5/^ 
^jlcgEM-r^r .^{CctoT. DR AM^>(Dp<^i;ir;uT 

^fc. CO^^^fe'^y =^ Vfli3 3, 3 1. 3 0 n 5/ 

10 0 5 8] {m^mm2) mi 3(D^imt. 

(D{^o:>mmmM xhh^'yy^ mM D R A Md io it ^ 

DR AM$(J(7)7t ^ y 'fe/^^:^1-^§*Slgc50^^m® 

Ell 3<D*<I!)(1. I^i:< Pv^5.i5'a50p^-Y;1^;wS 
MI SFETQ s ^Trsi-^^W^WiO^^^mmW^Xh 

[0 0 5 9] DRAMas<?)p«^y"fe/KD«iillS(JfE||2i£ 

vmrnpL^m^-r^^'i^^'y') ^vmz 7x^i>y^ 

[0 0 6 0] 1-/^:bt)s Di^';/^^T-Ii. 

(0±ffi±{citsufcm i^msi (ws i 2 mi^xxi^ 

iitS'>y =i>^^6) T-p^i-^wU^M I S F ETQ s 

M (ws i 2 fli2 5*3j:U^#jSS'>y 3:/ii2 4, 2 

1) T-SlEiSl (H^i^r-f) ^I^^U. rJ7)«3§® 50 
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fii(7^±l(i*i^uf^;^^y-t"/K^ft$ssSffl^s^-T-o 

ymsi) xm2mmmLM2^mf&L. z(Dmbmm 
m<o±m\zmmLtLmemmm (^jr^4i) xssib 

mimmm (itJiP4 3) xm4i2iieLM4^ifijSL 

[0 0 6 i].z(DXo{z^ :;$:mmmm2\zxiuf. ?^ 

[0 0 6 2] (mw.<omm 3 ) la 1 4 <D:^mit. 

O ftll llffi (7) ff^ fli X 5 n i:^ y ^ D R A M :}bMt 5 

M I s F ETQ s ^^^-t^mt^M^o^mnm^mx'h 

(.0 0 6 3] DRAM^O^^y ir/WO^tig^iMie^iS 
<omm 1 X^ UfcHfriEIil 1 ^ y -fer/wt^Siti!: 1^1 CT* 
fc^;^^ Pv?^7iJ'$IS<^1f3i*irtlS!Sl<^n>^:y^Si50« 

y ::3yfli3 7 (DTm^z.-mmi^mse ^ifTLx^nwrn 

=i>^fll3 3. 3 1, 3 0;ii5iSS$nTl^6o 

[0 0 6 4] -tfj^t^h. ^i^y^nxit. ^mp^mmi 
<D^i^±\zmmLtzmimmm (ws 12 m7^xxf^ 

^fgv/i; =3y^6) Xp^-t^/U§^M I SFETQ 5(^5 
hmffil O^XXfu^^^-^/l^mM I S FETcoy- 

hms (ni^^-f) ri^mis®fli«7)±®tc- 

(ws i2 5ioJ:0^#iefBVy =i>^2 4, 2 

1) T-siE«i® (^^^-f) srtfj^L. zomsmm 
■ssi;jiSN<7)-^[f.ir^i*-r6^4' mmm (^^^bv^ 

y=«yfll3 3, 3 1, 3 0) ^lEgL. COS4' #l| 

viis?) T'm2iaiSiLM2^^^L. zcDmsmm 
moyLmiiC-mmtti^Q^nm (^^Bi4i) xmsm 
mmhuz^m^t. z(omemw.m<o±m^zmmi'ti 
mim^m (^jg^4 3) xm4jEmmLM4^m^L 

[0 0 6 5] rOJ; :^M1&mm3\ZXtHt. / 
^ y ir/ut^ff ^g«ffiSfilS^=-<J0SS®8iS Nco-a5^ 
1?|J*-r^#*SSvy ='>'JS3 3. 3 1. 3 0*3j;t>*7'^ 
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i^mm^^^yypm^-^w-r^^tKx^x. dram 

. [0 0 6 61 (mmmm4) mi5<o&ma. :$i^m 
M I s F E T Q s ^7jk'r^mi^mwi<omuw\^mxh 

1 0 0 6 7 ] DR AMS'.tT^^^y-tr/UX-fl^ ^^ft^StS 

i(D^m±i^mmLfzmimmm: (ws 12 fli7^oj:t>* 

^jg^v-y ='>^IK6) T-Tt^yir/UiiJ^ffiMI SFET 

{lliSL/l^2^®fli (^^^a^pv-y n>-IIl 9) Tlt#R 

o±llw±ifl|Ufc^3««^ (i?:^i/7^ry (w) ^4 
7. T i Nfll4 6^0 J:t/T i fli4 5) T t'>7 hi^B 

(w^4 9) v^^w^M^im'f-owmm^sN^m 

iNfliso) x^^w^m^Mm^(D'yu- hm^p L 
(^Jifli4i) vmimmmuMi^mi&L. ;i<^m6 

[0 0 6 8 ]-;^. ni>';/-:^^^T-*l, ijiii^cgtgl 

m±\z^mLtimimmm (ws 30 fli7*3j;u?#jefe 

v^y=J>^li6) r-p I S F E TQ s (Oy- 

hmUl 0^6j;r/n^^^/l-^M I SFETOy-hm 

UrO^yir/i^Ot'y hSiB L ^«*-r 6^ 3 
(WBi4 7. T i N^4 6^3j:t/T i fll4 5) X'^ 1 IE 

/^]} 'tJi^(DKnwmm^im^(owmmm s n ^is^g 

i-bm^mmm (W^4 9) TS2gB«JiLM2>^«^ 

r(DM4«mflSo±@ic:^igLyc^6^mfii i^m 

BS4 1) T^3E/KlLM3$r1f^L. CK^me^m^I 

(Dji®tciisitfcm7«m^ .(^^^4 3) xm4^m 

[0 0 6 9 ] ttlEHl 1 5 {C7r:U/c:DRAM^(7)7< 

^y 't/^^D^a*Di/y:^'^<^P^•r■^/^S^M I S FET 

[0 0 7 0 ] tT. ^td^mmmi i>^:h\^^xmt^m2 
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[0 0 7 1 ] Dl.6lw^-rc}:^(C> 
±fc6^&^b'>y =i>li2 O^CVDfelCioTitfflL^C^ 

0. BP sG^i 5. fe^b'>y ^y^i 4*3j:t;y- h 
ct "9 . y ^ y -fe/wii^ffiM I S F E T Q t <oftk:*<o^i- 

$ n^SS 2 <0 n 2 2 ±:|3 cfc 0? P 5/ i!^ 

ll^«^pf"-r^/l-^M I SFETQ s (^ p^^ltflsffi^l 

i^? [0 0 7 2 ] tii6^ mt^m2(D::iy'$f ^ h.1^-yU2 3^ 

:3i;U±. n^!>:3i/U3±. n ^ -^wU^/M I S F E T 

[0 0 7 3] 7;!i- h h$r-^;^^l-LX>^ 

yir/V(r. ^!j;t(^P^'l':^>aAU. ;^ ^ y 
MI SFETQ t(Dm^(Dm2(Dnm^^t^m^2 2^ 
JFMtfc^.. ^#f*:Sffil±(^T iil4 5. T i N^4 
6*5J:U^W^4 7^l(SJ*viSa'f 6, *1>X\ >^;*-hU>? 
h^-^:^^(^LXHilEWflS4 7. T i Nil4 6iQj:t>* 

7. T i NM4 6*dJ:0JT iK4 5;i^6>fef>y^y-fe>'^ 

[0 0 7 4 ] Z(Dni(DmBSLMin. I2116(;i:^t 
fcP v^yi^aSCO p ^^^/l-M I S FE TQ s <0 p 

nS^^^l-S. n^^^/uMM r SFET^D 
nSI^^»ffii^:lo^<):U^^- hm<^.l 0 iCg^Ji UX t> J: 

[0 0 7 5 ] ^{;:. H 1 7 Ci^-r J: ^ (c. 1 

/iflECR (Electron Cyclotron Resonance) CYD& 

8\z^iibntc':fyi!rpG±{cm3<D=i>^^ bt^-^^ 

3 2^mf&-r^o 

40 [0 0 7 6] ^SfeV^X. ^€ft:5:Kl±{;:wM4 9 

L^c^x :7;«- h uv?;^ h^-^;^i^l::UXW^4 9^3iy 
.^y^/i-ar <^{-<t 19. 7«^y-t/K;:ft^SSffl^l:* 

v^y^^(DW,2ikmmhu2 {m4mmm ^nm-r 

[ 0 0 7 7 ] /^^o\ tfllS^3(7:)=':/ 
h7}^-/l-3 2 o v-ziJ'aJtOpS!!:^ 

:^JU±^ nm^=^/^Z±. p^-^-^^yUS^M I S FETO 
pS^®t*:S«12±. n^^^wU^MI SFETtfOn 

50 m^^i^m^±. ^- h^mi o±^fzitmi^^ML 
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Ml±(C::i>^^ h^1^-;^^?f^^U> ^2E}B1LM2 

I S FET<Dpi^i|^2i#:ffi® 1 2. n^i-^/^S^M 
I S FET(7)nSi)£^S*IS«c> y- h Sfii 1 0 t felt ^ 

[0 0 7 8] d! 1 8 (r^-rj: 0 1-> i 
±tcS{b^V^;u (Tao 05)flISrCVDfe|CioT±l 
Ht. Ta2 O5 m3«i*?>nc5S«»fli3 e^^^yir/l- 
l±tCT i Nfll5 O^CVDj£(;:J:oXiiSU. ^1/^ 
T\ C<;:>T i N^5 0*7;^ h U'v^;^ h^-^;^^tcLX 

PL (^s^msi) ^ffM-r^o 
[0 0 7 91 ft (I. 1 ±^miti^ D =^ym5 

Bis iioJ;t;^mi*^3 6^llft:ii5/^:^>/-r5^^(c 

P v^i/:^'laiOWll4 9^^b?^cf5SJ2iaj|&lLM2 

[0 0 8 0] ft{c. ttimmm(Dmmi \^t^9ii^timmii 
m) ^ff^^t. fti>T% / ^ \) 't/u(Dm 2 nmsMM 2 

[0 0 8 1 ] r(7)j:9(-. ^m&mm4\zxtiif. / 

^ y ir/U(?^<f $RgSffi^l:^^^<7:)^«m<i S N^lf ^1" 
'5Wfli4 9^p>?:yi^7|f|SICgBm-r'5wih(Cj:oT. DR 
AM$|5£^;^^ y ir/WT u-Y t ^ y ^ ^ t (OmM^^W: 
fP^-fr^C: <i:^^X'#. ^fc. ::<7:)Wfli4 9^Pv^:yi5'$r. 

JI, >^y-fe;V(0t'5/ hiSB L^ti^-r6Wfli4 7. T 
iNBi46iBj:r>*Tifli4 S t^b^J:^^^^.^ ^ i> ^ ^ 

[0 0 8 2] im-^mm s) mi9 <o:^imt. 

DR AM^O;^ ^ y 

0. El 1 9 cO;&fRiJ(l. mC< ^'Jy 1:7^(7:) p^^:^/l'm 

M I s F E TQ s ^7jK-r^mi^mwi<Dmum^mxh 

[0 0 8 3] DRAM^CDT^^.y-t/UCO^ig^lSflfE^ifi 
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'Tfo^;^^ p>^.yi^Si5<7:)1f|ii(lWISEl 1 5(7)Pi^y:?'ai 
hmiiPL^«^i-5T i Nlg5 OT-Pv^s/^aSO 

^2i^^elLM2^m^tTv^5« 

[0 0 8 4] -r?:^b*). Pv^i/^glSTSi. 4^^#»Sffil 

<D±m±\zi^mutimimmm (ws i2 ^7*3^:0^^ 
jeSv-y^yflie) Tp^i-^/w^M i s fetq s o 

• iiiiLfcp<^yir/K^t'y \^mBL^mf&-r^mzm^ 

m (W^4 7. T i N^4.6ioJ;t>*T i fll4 5) 1. 
iSiSlLMl &1i^L. C(D^3^mBi^7:)±ji^::iiSU 

*«^-reif5«m^ (TiN^SO) T^2E^1L 

mil (^^fli4 1) T^3S2;SlLM3^1ffijcL. ;i 
Tm4gBi»lLM4^«^LXl^'5o 

[0 0 8 5 ] i^mMmm^\^xinf. ^ 

^yir/K7?ififtSSfflSS^i^<07*u- hm<iPL^ii 
.^•r^T i NflI5 0^Pv?5/^a5(;:gSfi-r6c^t;:J;o 

DRAMgIS<?5p*^yir;WTU-r^Pv?2/i5'lf|5^<OS 
^Pi^:y ^^<?5M2gSj®]i LM2 ^ UTffll/^'5 C ;6S-C- 

#-60 y ^y-ir/wiT^t'^/ h^B L^wi^-rew 

il4 7. T i Nfll4 6io<]:t>'T i fll4 5 

30 z<Dmmm^^mrr^Z.tt^X*^^(OX. telSSKWtog 

[0 0 8 6 ] immmm e ) 2 o <D&m\t. 

<D^(Dm'^mmXh^ P i/y i^^EitD R AMlC*5*t6 

[i 2 0 co:fetJ(l. [^i:< p v^:yi^^<^p ^-^^-/^^ 
M I S F E T Q s ^^•r^^^S^t^^^.lfrSgiT-*? 

[0 0 8 7 ] DR AM^flS(Dp« ^ y ir/KD^it*iHtltS^lf^ 
(D?F^ffi4T^L/cmifEiai 5 C>y ^ y ir /KT^tf ig i: C 

40 xh^f)\ ui/yi^u(Dm^^itm5E,misoui/y^^ 

SmiiSN^tifig-r5W^4 9TPv^y i^^(7)^2iB«l 

T'U- hmfifiP L^«^i-eT i NHS 0X-Pv^:yi5'§^ 
(OS 3 gS«ll L M 3 ?r«fig t r -So 
[ 0 0 8 8 ] -r/^:b*?. ^i^y^Uxn. ^^ft^SIS 1 
<Diffi±(cmStfcgl^m^ (WS i 2 fli7^oj:t/^ 
jgfgi/y ri^-lie) T-p^^^/WliM I S F ETQ s <30 
y- hl;ffil OiiSiU^nf^i-^r^yUllM I S F ETcOy- 

bmm ^ti^L. c<7?mi^mfli(o±ii- 
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BI (WBi4 7. T i Nig4 6 J: U?T i 4 5 ) 1 

f^i-^mAmmm (wii4 9) x-^2iEitJiLM2^ti 

^U. Ct^^4 3g®^(^±l(c±iSt^c>^yir/ucoit 

^wmm^&m^.oy u- h p l ^m^i-s s 5 ^ 

1) T«4|EjS/iLM4^1II^L. CC0^6^mflI<^± 

[0 0 8 9] :i^m^(DJfm6\dM. / 

^WBM4 SiSctU^T'U- MiiiP L ^1*^1-5 T i Nfli 

5 0^n>^:y:^^{-gS^-t5^ (^(CiloT. DRAM^ 

^ctr^x^^. ^/-c: sm;tiSN^1f^1-.6wfll4 9 

P L<lr^i^-r'5T i Nils O^Pv^:y^ai(7)m3EiSJi 
LM3 ,i: LTffli/^^r i:;i5T*#5o ^^tc. ^^yir/u 
Ot'^/ hjSBL^«fi£-r5W)K4 7. TiN^4 6i3j: 

tj^T ifli4 5f)-b^j:6msmi:^i^yi^^(ommM^zm 

\^^^zt\zxv. mmm\m^^fj^<. ^=^^\-m^^xv^ 

[0 0 9 0] (m^mmi) m2\(D^m\t. 
M I s F E TQ s ^7r^'t^mwmwL<o^%mmmxh 

[0 0 9 1 ] DRAMas<^>^y ir/l-CDlfiiflfjfBilJS 

m2mmsLM2^mf^L. ^h\z. ^(dtin^so 
(DTMic. mmt^mz 6^iiYLx^^w^m^Mm^(o 
tismiis N^iii^'r5w^4 9 f)>Rn^tix\^'^^. 
[0 0 9 2] -r/^b^. oi^y^^xn. ^mi^&^i 
(D±m±\^mm\^ti^immm (ws 12 Bi7io<tt/# 

^fsv-y =^ >^Bi6) T-pf-'t^>/^^M I S F ETQ s CD 
y- hmffil O^S^tU^n^i-^^wSM I S FETiOy- 

Hi (W^4 7. T i Nfli4 eioiU^T i m4 5) T-»l 
la^SLMl^Srlt^U. r(75S3«mflg<0±®tcli«t 
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j$.i-^mAmmm (w^4 9) ^isst. c(D^4©m 

' ru— hSfiiPL-Srfil^-reSS©®^ (TiNj!i5 

0) xm2mmmLM2^m^L. zomsmmmo^ 

M3^1ffi£t. Ct7)B6^1;KO±ltIit@LitS7^ 
«^ (^JR^4 3) X-m4E»lLM4^1tj«LTl> 

[0093] r^Dj:^!-. ^%^(DmU 7 {C<t4xf^> P< 

-5Wfli4 9*3j;tJ?yu— hmfilP L^lf^-rST i NH 

5 0^Dv^:y^^tcEl"r5Ci:{Cj:oT. DRAM^Ii 

N^5 O^n v?yi5rgucr)^2EjSI)iLM2 UXffll>5 
^-r6Wil4 7. T i NiS4 6^3j:t>*T i Il4 5;6^f>/^ 

10 0 9 4] J^Jl±. :^^m^i^2:oXfj:^ixfz^mi:m- 

mit^MMoMm\^m'^^ti^h<DX{tfj:<. ^<Dmw^ 

i& Ift L V ^ © H T- S ^ ^ M ^ le X 5 w i: {1 1/ ^ ^ X- 1> 

[ 0 0 9 5 ] ^ijxif. mmmmmmxn. DRAMifp 

l^iaatxmiSBi^ii^i: tXffll^/c;6S, i^i^-f Lini^:y 
5^? :^^SP(wESLXE«SS^ UxMi/^^iei^Mfi?i;i\ 

[0 0 9 6 ] t/c. m^^mt&mmxn. mnwm^^ 

u\z\i'y hm^mm-r^^'^D^Mzhmmsjmxh 
[ 0 0 9 7 ] ^tz. mum^<r)mmi - 3 xit. it^s 

fflffl^S*^^(wR1S^C0«^®fii^ffll/^/c:DRAM(D7« 

bo 

[0 0 9 8 ]. ^/c. HUi2^JIO?F^ffi4-'7X(i. ft$RS 
^ t ^ 1:: ^.f ± ;f S! mii ^ ffi ^ 7t D 
R A M (?5 ^ ^ y -t /u^o J: t;^ oiKii:^ ^SL0>^ t 
*iM?:fS^±»fS!l-PSe)n5tfiOX-*l/^< . «?*J;tlf7-f 

[0 0 9 9] ^fc. frl2^ife*7?ff^ffi 1 - 3 X»i. ft^liS 

ffi^^s^^^<7D^m*^(-®&^bv^y =^>'flii:S^b->y ^ 
50 vmii^hfib2mm:^^\'^fzf)^. zM^mbii(ox\'Xfi: 
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<. mit'^y^^^m. PZT (PbZ r T i Ox ) Wj: 
iS:II{m7'7 X-^ C V Dfc^ fc (5 E C R C V D?fe/.^ if(7) 

5 0 0 x:^j.T(D^mz. ct o Tits*r ^ r t t^^^f^^m 

[OlO.Ol ^tz. m^^%^mMX*\t. DKAU%<D 

ct tj^^ oiiit^sfefi D R AMaj(D^iZ2[Hiss I- 1>® ffl ^le 

[0 1 0 1 1 

m^^f:ii,<o\zx<>x%htih^di^^m^\^tm'tt\^\t. 

[0 1 0 2] o v^y iJ'^l^DR AMU 

<^^SMtfcl:iDRAMS(SiO;»« ^y-fe/l-T ^ DR A . 

&f)^hV^^^^i1^m^P^t'th:iti)'-^mttlb<ox\ 

[0 1 0 31 tfc. p y ^ /c 

DRAMgl30ji322lH]iEgT:ffil^6:fl^iBiK1^7^^ 1^ iryv 

x^^(DXs mnj:nx(^xmmm(}^L- mttta^^y 

mi] ^mm<D-mm<Dmmxh^^'yy^m«LDR 
AM ^7r:'r^mi^^^(Dmnmmmxh^o 
m2] y^^m<D-mm<Dmmxh^^i^^y^umDR 
AM(Dmmi^&^yr^'r^mt^m^(Dmnw\mmxh^o 

AM<Dm^^ijm^yr^'t^mi^mm<Dmt^^mmmxhbo 
[114] j^mmo-mmmmxh^ri'i^y'i^Wi^DR 
AM(DMmijm^^>-t^mi^m^(o^^m[^mxh^o 
imd] :^^m<D~mmmmxh^^i>y^f^m.DR 
AM(Dm^^^m^7r^ir^mw&^omummmxh^o 
me] :^^m<D-mm(Dmmxh^^'yy'!7m.mDR 
AM<Dmmijm^7r^'r^m{^mm(r)mummmxhi>o 
my] :^mm<7:>-mm(ommxhh^i>y^mMiDR 
AM<om^:fj^%:7r^i'^mi^mm<Dmum^mxh^o 

ms] 2^^P^(D-*JS(7)?f^9g-Cfc6nv?ytJ'jii®tDR 

AM<30Mit*^^^-r^^»sffi(o^m®i2ix-fc5)o 
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[139] :^^^M(0-M^(DmmX'h^oi^>y^fS,^DR 

AM(omm:^m^7T^'r^mi¥mwi<om^>mmmxh^o 
mi 0] :^mm(D-mm(ommxh^^i^yi^&^D 
RAM<om^^:^mi:yr>'r^mf^m&(Dwmmmmxh 

[Ell a] :^^m(0-m^(OmmXh^T^i^yii^t^^D 
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